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Abstract: In many countries, the provision of primary education is among the core responsibilities
of local governments. One of the main questions local governments face concerns the optimal
configuration of school boards and size of schools. In this paper we analyse the relation between cost
and scale in school boards and in schools. The influence of both the governing layer (board) and
the operational layer (school) on average cost are jointly modelled. Board cost is modelled as an
aggregation of individual school cost functions so that individual school cost data are not required in
order to estimate the model. The results indicate that small schools (<60) pupils are operating under
sizable economies of scale. The optimum school size is estimated at roughly 450 pupils, but average
cost remains roughly constant with regard to size. In contrast to school size, the effect of board size
(in terms of the number of schools governed) on average cost is limited. The policy recommendation
is that municipalities should create at least three schoolboards within their jurisdiction and take
measures in case individual school size declines below 60 pupils.
Keywords: local government; cost model; economies of scale; multi scaling; schools; school boards
1. Introduction
In many countries, providing (primary) education is a core task of local and/or state governments.
In order to maintain sustainable government expenditure and foster the quality of education,
governments are constantly seeking ways to deliver more value for their money, especially when faced
with increasing enrolment. One of the main channels through which policy makers in amongst others
the U.S. and Netherlands have sought to increase the efficiency of educational spending is through the
consolidation of schools and/or school districts [1,2]. An important motivation of consolidation is the
notion of economies of scale, i.e. that idea that bigger units have lower average (per-pupil) cost.
There is a large strand of literature on economies of scale in educational institutions and several
review articles have emerged over the past decades [2,3]. While models, data and techniques vary,
the vast body of these studies are concerned with estimating the relation between (average) cost and
enrolment [4–7]. In general, while results differ across countries and methodologies, the smallest of
schools and school districts are generally found to operate under economies of scale [2,3,8,9], although
the tipping point (optimal size) varies. One issue with regards to economies of scale that has attracted
less attention of empirical researchers is the distinction between the governing layer of school districts
(U.S.) or boards (Netherlands) and the operational layer (schools). In the Netherlands, one board may
govern up to thousands of pupils and tens of schools, while other boards govern only one school and
Sustainability 2019, 11, 6662; doi:10.3390/su11236662 www.mdpi.com/journal/sustainability
Sustainability 2019, 11, 6662 2 of 11
200 pupils. Similarly, some boards govern few large schools while other govern a larger number of
smaller schools.
This paper departs from the observation that both layers matter for average (i.e. per-pupil)
cost. From a policy perspective, this recognition has implications for policy makers and educational
managers with regard to the size and number of school boards and schools. For example, given some
level of enrolment, school boards (or districts) face the question of the optimal number of schools.
The size and amount of school boards or districts is, in turn, a design choice influenced by national
or local government. In other words, given the cost structure of schools and school boards, what is
the optimal size of boards and schools in terms of enrolment and the number of schools governed
by boards, and what does this imply for choices regarding consolidation or closure (when facing
decreasing enrolment) of school (boards)?
Regarding the mechanisms that drive economies of scale at each level, school districts may
e.g. benefit from scaling by requiring less overhead per governed school or pupil. At the school
level, the potential effects of scale on cost include occupancy rates of school buildings, the spreading
of fixed cost over a larger number of pupils or the specialization of teaching and managerial staff.
Whereas the bundling of activities (joint purchases, integrated IT systems and manpower sharing) may
be beneficial for all schools, the cost savings may be voided by increased managerial complexity, extra
managerial layers, complex bureaucratic procedures, etc. In the study of economies of scale focusing
on only one layer, bias may occur, for example, due to the fact that large school boards concentrated in
densely-populated areas may also govern large schools. Possible observed (dis)economies of scale at
the board layer may then be a result of the (dis)economies of scale of the associated schools instead of
the board. In order to avoid any of these biases, the interdependency between the two layers should be
integrated in the empirical model.
To see why the distinction is relevant especially in Dutch primary education, consider Figure 1.
Each dot represents a single school board. The vertical axis corresponds to the enrolment at each board.
The horizontal axis corresponds to the average school size of the schools governed by a board. Both size
indicators are only correlated weakly. That is, there are both small boards (in terms of enrolment)
governing relatively large schools and large boards governing many relatively small schools.  
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Despite the lack of empirical analyses, multiple studies have recognized the importance of both
layers. For example, Bickel & Howley [10] perform a multi-level analysis to explore the relation
between district and school scale and performance. In a more recent study, Schiltz & De Witte [9]
estimate district-level cost functions for Flemish schools and also note the potential joint influence of
scale effects at both the district and the school level. Related is the analysis by Duncombe et al. [7].
They model U.S. school district cost and include the median governed school size as an exploratory
variable, shedding some light on the importance of school size and dynamics between the different
layers. Most closely resembling this analysis is Wales [11] which develops an simple but somewhat
comparable aggregation approach to what we will do in this paper. In most previous studies, however,
the unit of analysis typically is either the school district (or board) or school as determined by data
availability: “although the school is the appropriate unit of analysis for investigating school costs,
district-level data are often used, largely because school-level data are unavailable” [8]. More generally,
the observation that the administrative scale of public organizations may not correspond with the
scale at which they produce or deliver services has been recognized in other domains as well, such
as local governments. Blom-Hansen et al. [12] for example distinguish between the administrative
size of municipalities and the “plant” level of production, where economies of scale actually arise.
In the realm of local governments, it has also motivated research into e.g. the effect of intermunicipal
cooperation, a reform through which local governments can import economies of scale [13–15].
To this end, this paper develops and estimate a model that allows for the simultaneous analysis of
economies of scale at both the governing (districts or boards) and operational (school) level. This is
done by modelling school board cost as an aggregation of school cost functions, so that individual
school cost data is not required for estimation of the model.
Methodologically, solving this issue is a challenging task since it belongs to the class of aggregation
problems. In case the structure of a micro unit (e.g., a school) is known, the question arises whether we
are able to derive the structure of an aggregated unit. From the seminal work of Daal & Merkies [16], we
know that “aggregation is nearly always impossible” and that the aggregated function can be derived
only under very specific conditions. In this paper we do not claim to solve this issue, but we can
bypass the impossibility clause by aggregating individual cost functions through computational means.
The model does not require individual school cost data. The research question, therefore, is whether
it is possible to design an empirical model that takes into account the production technology and
economic behaviour at both the school and school district level—and whether these can be estimated,
even in the case of missing financial data at the school level.
The remainder of this paper is outlined as follows. Section 2 outlines the methodology. Section 3
discusses the data used for estimating the model. Section 4 includes the results of the estimation.
Section 5 offers some conclusions and suggestions for further research.
2. Methodology
2.1. Model Design
To establish an empirical relationship between (minimum) cost and production (scale), it is
common to apply a so-called cost function. Cost functions are a mathematical representation of this
relationship, which may also include resource prices and a number of control variables. Cost functions
eminently are suitable for deriving all kinds of economic relations, such as economies of scale and
scope. For an explanation of this approach see [17,18]. Formally, a cost function can be written as:
C = c(y, w) = min
x
{
w× x|(y, x) ∈ T(x, y)} (1)
where:
C = (minimum) costs;
y = vector services produced;
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w = vector of resource prices;
x = vector of resources;
T(x, y) = set of feasible combinations of services produced and resources.
The parameters of cost functions are estimated on the basis of data on individual firms or
other economic entities that can be indicated as Decision Making Units (DMUs). Other economic
entities can refer to lower hierarchical functional entities (departments) or to higher entities (regions,
boards, districts et cetera). The choice of DMU is a matter of perspective, depending on which policy
or managerial issue is being addressed. In general, a pile of layers—each of them with specific
responsibilities and discretionary power—can be distinguished. The relevant distinction here is
between schools and boards. This distinction is in line with the distinction between the (primary)
teaching process and the (secondary) general management process. The first directly refers to course
content, education time and course schedules; whereas the latter refers to the administrative and
financial tasks, labour contracts and building investment and maintenance. For obvious reasons these
two different processes cannot be separated but may strongly interact.
Estimating cost functions that consider complex organisational structures still is a relatively
unexplored area. As discussed in the introduction, there are conceptual similarities in many sectors,
and several authors have dealt with analysing different scale layers (e.g., in health and local government).
In the aforementioned study of Niaounakis & Blank [19] on the effects of collaboration in local tax
levying, data on the contributions of each municipality to municipal cooperation are available. In the
preceding case of education, we lack this type of data. In this paper, data on production (enrolment,
test scores, etc.) and environment of individual schools are available, but costs and other input data
are not. Thus, in developing a suitable cost model, not only do we have to account for the complex
organisational structure, we also must deal with a number of unobserved variables. The solution
to this problem, putting it simply, is to sum up all the underlying cost functions of the associated
schools to an aggregate cost function and estimate the parameters of the aggregated model. We will
formally derive the relationship between schools and school board. Suppose that the minimum cost of
an individual school s connected to school board b can be displayed as:
Cminbs = c(Ybs, Wbs, Zbs) (2)
where:
Cminbs = minimum costs of school s of school board b;
Ybs = vector of services of school s of school board b (e.g. number of pupils per type of training,
education results);
Wbs = vector prices of resources used of school s of school board b (e.g. wage index, material
price index);
Zbs = vector environmental factors of school s of school board b (e.g. social background).
This also includes costs for student administration, the ICT department, accounting, human
resources and management. In case these (secondary) costs are carried by a separate body (the board),
it is assumed that they can be allocated to the associated schools. This can be regarded as a school
outsourcing these managerial and auxiliary activities to a third party (the board). It is assumed that
secondary costs are directly related to services delivery and the size and quality of the board providing
these services. In fact, the latter refers to the efficiency component of the school. Therefore, we may add
to the minimum cost an efficiency term that is strongly correlated with a number of attributes of the
board, such as the number of associated schools or the total services provided by the associated schools.
Ine f fbs = exp[g(Zb)] (3)
where:
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E f fbs = inefficiency of school s of school board b;
Zb = attributes of board b;
The inefficiency term is a factor that inflates the minimum costs by a certain factor greater than
one. This implies that the function g(.) must be so defined that it always produces outcomes greater
than or equal to zero. Actual costs of school s of school board b then equal:
Cbs = c(Ybs, Wbs, Zbs) × exp[g(Zb)] (4)
The total cost of board b is then the summation of costs of all associated schools of board b:
Cb =
∑
s
c(Ybs, WbsZbs) × exp[g(Zb)] (5)
Or in logarithms:
In(Cb) = In[
∑
s
c(Ybs, WbsZbs)] + [g(Zb)] (6)
The common procedure is that the (minimum) cost function c(Ybs, Wbs, Zbs) is reflected by a
mathematical equation (the functional specification), whose parameters can be estimated by an
econometric method (e.g., nonlinear least squares). From the estimated parameters an estimate of scale
effects can be derived.
The above equation now only includes observable variables. The left-hand side includes the total
cost for all member schools, including the costs for management of the school board. The problem is
now reduced to a statistical problem, because on the right side we find—in case there are many schools
associated with a school board—a large number of terms. There are two solutions. The first solution
is specifying a simple representation of the cost function, so that different terms can analytically be
aggregated. There remains a simple regression equation consisting of terms such as the total number
of pupils belonging to a school board. The second solution is based on the ability to solve the problem
entirely numerically. The search for economies of scale requires a flexible functional form that allows
scale elasticities to vary with size. The suggested simple solution does not meet this requirement and
is therefore further ignored. We therefore entirely focus on the numerical solution.
As the parameters of c(Ybs, Wbs, Zbs) and g(Zb) are empirically established, elasticities with respect
to services produced by the school and with respect to the boards’ attributes can be calculated.
2.2. Functional Specification
For an empirical application of the economic model, we use the well-known translog cost
function [20]. The model includes first, second order and cross terms between outputs, and year
dummies representing technical change. Because of the lack of accurate price indices for different
resources, we ignore the possibility of price substitution. We divide actual cost by a general consumer
price index to control for nominal developments. The translog cost function looks as follows:
c(Ybs, Wbs, Zbs, T) = exp
{
a+
∑
m bmIn(ym)+
1
2
∑
m
∑
m′ bmm′ In(ym)In(ym′) +
∑
p dpIn(zp) +
∑
p
∑
p′ In(zp′)
}
+
∑
t ht(yr = t)
(7)
Here, a, b and ht are the parameters to be estimated. The model that will be estimated is obtained after
substitution of (7) in (6).
3. Data
Data were sourced from the Education Executive Agency (DUO) of the Dutch Ministry of
Education, Culture and Science. The agency publicly reports available datasets, including the annual
financial statements of boards and enrolment at schools. Recall that the key issue in this paper is that
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enrolment and other pupil-related indicators are registered at the level of individual schools, while
financial statements are observed at the board level.
The data set is constructed as follows. Each observation corresponds to a single school board and
contains information on its cost. For board b, let yb,s denote enrolment at school s. Furthermore, let
Nb denote the number of schools governed by board b. Then yb,s equals zero for n > Nb. The largest
number of schools governed by a single board in our sample equals 31.
In the actual data set, three enrolment variables are included. Dutch school boards are eligible for
additional funding for enrolled pupils from a disadvantaged socio-economic background. To cater to
their educational needs, schools with a large number of such pupils have smaller class sizes, implying
higher cost. The three enrolment variables included correspond to the classification that is also used
within the funding mechanism (SES-1, SES-2, SES-3).
Data are included for the years 2011–2015. Note that as the yearly (within-) variation of school
boards - in terms of enrolment or cost - is limited in most cases, little additional information is gained
from analysing multiple years. In 2015, there were 971 school boards governing schools providing
elementary education. The final sample included for analysis contains 723 or roughly three quarters of
these boards. In total, these boards govern 2601 different schools or 4.60 on average. Omissions are
due to the fact that some boards in primary education may also govern one or more special needs
education schools. Some boards even govern one or more vocational education schools. Their inclusion
requires an extension of the cost function by additional output (enrolment) variables to account for
the different pupils. While this offers the possibility to study economies of scope and a larger sample,
the advantage of analysing a homogeneous group of boards outweighs the computational difficulties
posed by including several poorly comparable school boards. In roughly thirty per cent of the schools,
test scores were not available. For a board that governs both schools with test scores and without
known test scores, the missing school scores a set equal to the average test scores of the other schools
governed by the boards.
In addition to the cost and enrolment variables discussed, a number of additional indicators are
included: i.e. the average test score at each school and the number of schools governed by each board.
Table 1 provides a set of summary statistics on the included variables.
Table 1. Descriptive statistics, 2015.
VARIABLE MEAN STD. DEV. MINIMUM MAXIMUM
BOARD LEVEL (N = 723)
COST (IN MILLIONS OF EUROS) 5.20 6.46 0.37 52.41
ENROLMENT (TOTAL) 983.15 1214.64 45.00 9340.00
ENROLMENT (SES-1) 903.00 1199.27 44.00 8347.00
ENROLMENT (SES-2) 46.10 63.14 0.00 447.00
ENROLMENT (SES-3) 34.05 79.56 0.00 980.00
NUMBER OF SCHOOLS 4.60 5.53 1.00 31.00
SCHOOL LEVEL (N = 2601)
ENROLMENT (TOTAL) 213.30 128.25 12.00 1283.00
ENROLMENT (SES-1) 196.00 123.14 12.00 1246.00
ENROLMENT (SES-2) 10.11 12.30 0.00 174.00
ENROLMENT (SES-3) 7.19 16.72 0.00 205.00
AVERAGE TEST SCORE 535.26 3.92 514.70 546.20
4. Results
The main results are presented in Table 2. The results were obtained by estimating Equation (6)
after substituting Equation (7) using nonlinear least squares.
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Table 2. Model estimates (N = 3178).
VARIABLE PARAMETER ESTIMATE STD ERROR T-VALUE T-VALUECORREC-TED
CONSTANT a −0.984 0.006 −164.423 −85.096
ENROLMENT (SES-1) b1 0.634 0.006 110.568 57.224
ENROLMENT (SES-2) b2 0.058 0.003 20.363 10.539
ENROLMENT (SES-3) b3 0.128 0.002 62.498 32.345
SES-1 X SES-1 b11 0.215 0.010 21.121 10.931
SES-1 X SES-2 b12 −0.008 0.002 −3.522 −1.823
SES-1 X SES-3 b13 −0.038 0.002 −19.127 −9.899
SES-2 X SES-2 b22 0.023 0.001 15.694 8.123
SES-2 X SES-3 b23 0.003 0.001 3.482 1.802
SES-3 X SES-3 b33 0.045 0.001 44.595 23.080
NUMBER OF SCHOOLS d1 −0.017 0.006 −2.790 −1.444
NUMBER OF SCHOOLS X
NUMBER OF SCHOOLS d11 0.016 0.005 3.574 1.850
TEST SCORE d2 0.100 0.026 3.883 2.010
TEST SCORE X TEST SCORE d22 1.742 0.190 9.181 4.752
YEAR = 2011 h1 −0.019 0.006 −3.182 −3.182
YEAR = 2012 h2 −0.035 0.006 −5.861 −5.861
YEAR = 2013 h3 −0.025 0.006 −4.298 −4.298
YEAR = 2014 h4 0.006 0.006 1.023 1.023
R2 0.99
At first sight, the estimated model obviously appears to have a good fit (R2 = 0.99). The first-order
parameters have plausible positive signs and are estimated as significant at the 1% level. It should
be noted that the standard errors have not been clustered. Due to the special aggregation structure
and the high non-linearity of the model, it is cumbersome to exactly calculate the corrected standard
errors. Therefore we apply a raw correction measure based on the intra correlation of the residuals
only. The formula for this raw correction factor is:
τ =
√
1+ pu(N − 1) (8)
where:
τ = correction factor least squares standard errors of estimated parameters;
ρu = intra correlation of the residuals;
N = average number of replications in the panel;
Note that formula (8) does not include any correction for the intra correlation of the independent
variables in the model, implying that this this correction factor is overestimated and so are the corrected
standard errors. The reported T-values therefore are underestimated. Note that in case of time dummies
no correction need to be made, since no intra correlation exists and the estimated parameters are
not biased due to the panel data structure. Most of the parameters show extremely low standard
errors. Even in the case of inflating these standard errors by the correction factor, these standard
errors still are very low. The exceptions are the parameters corresponding to the number of associated
schools and the average test score. The standard errors of the remaining parameters b12 and b23 may be
affected in such a way that they are no longer significant at the 5% level, but they still are at the 10%
level. The parameters of the number of associated schools and square of associated schools are not
significant at the 5% level after correction (the square term still is at the 10% level). The hypothesis of
no relationship between number of associated schools therefore cannot be rejected. The parameters
estimate of the average test score and square average test score are significant at the 5% level, even
after the correction, implying that the hypothesis that there is no relationship between cost and average
test score must be rejected. The requirements concerning monotonicity with respect to outputs are met
(positive parameters). Note that requirements regarding input prices are not relevant here, since costs
are deflated by a price index number.
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As an indicator of the plausibility of the estimates, we estimated the marginal costs, presented in
Table 3, of the different enrolment categories. The marginal costs have been calculated for a fictional
school. The fictional school is assigned 220 pupils (corresponding to an average school) with an
average composition of pupils regarding SES (200, 12 and 8). Operating in the year 2011, this fictional
school has an average score on educational quality and is associated with a board that consists of three
schools. From the estimates of the year dummies’ parameters (significantly negative) we can also
conclude that in 2011, 2012 and 2013 the conditional mean of costs were lower than in 2015, implying a
substantial negative productivity change.
Table 3. Marginal costs of enrolment per SES category at an average school, 2011.
OUTPUT CATEGORY MARGINAL COST
SES-1 €4253
SES-2 €7830
SES-3 €20,411
From these results, we note that the marginal cost of a pupil with SES-1 is about 4300 euro, about
7800 euro for a SES-2 pupil, and about 20,000 euro for a SES-3 pupil. These numbers are plausible,
although the latter may be regarded as somewhat high. It must be noted that pupils in category SES-3
are rather rare.
We now turn to the key result of the analysis regarding economies of scale. Figure 1 presents the
estimated average cost curve at the school level. Figure 1 is based on the average composition of a
school with respect to SES (respectively 90% SES-1, 6% SES-2 and 4% SES-3). The size of the average
school is set to 1. Furthermore, the average costs are presented in an index where the average cost of a
school with average size is set to 100.
From Figure 2, we conclude that the average cost for small schools—for example a school
with a size less than one quarter of the average school size—is 60% higher than for the average
school. The estimated average cost curve indicates substantial economies of scale for small schools.
Average cost increases for schools larger than twice the average school size, implying that diseconomies
of scale prevail though the rise in average cost is modest. From the estimated parameters in Table 2,
we can easily derive that, for a substantial number of (small) schools, scaling up is beneficial from a
cost perspective.
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Figure 3. Average cost with respect to the number of schools in a school board.
From Figure 3, we conclude that exp nding a one-scho l sch l oard by adding two extra schools
leads to a decline in average cost of about 2%. However, as the number of associated schools increases
beyond that, average cost also increases. The cost of a board with 25 or more associated schools has
an average c s 5% higher than a board wit three asso iated schoo s. No e that these outcomes are
controlled for the size of the associated schools and purely reflect the effect of the number of associated
schools. Although we may regard these as interesting outcomes, we need to put them in perspective.
From the parameters presented in Table 1, we can calculate the efficiency component due to the number
of associated schools (and its statistical properties, such as standard errors and t-values). If we apply
this to all observations, it shows that the efficiency of only 10% of the observations significantly differs
(at 5% level) from the most efficient configuration (three schools in a board). In other words, the effect
of board size is practically negligible. The policy implication that follows from this is that there is
hardly any empirical evidence showing that board size matters for average cost.
5. Concluding Remarks
In many countries local governments face the question what the optimal configuration of school
boards and schools is within their jurisdiction. From an economic perspective, the answers to these
questions lays in the existence of (dis)economies of scale at the board level as well as the school level.
However, these questions cannot be answered as easily as is suggested by many studies on economies
of scale. Driven by data limitations, most studies only focus on the consequences of consolidation at
the operational level (school) or at the governing level (school board). For obvious reasons these two
levels are strongly intertwined, and their mutual dependency should be taken into account. In this
paper we propose a model that connects both levels and meanwhile solves a data issue. The data
issue concerns missing cost and input data at the school level which is addressed by estimated an
aggregated cost function which only requires data at the board level.
The model is applied to a panel data set of primary schools in the Netherlands over the time
(2011–2015). The results indicate that the cost structure of schools is characterized by substantial
economies of scale at small sizes (say, fewer than 60 pupils). For schools with more than 60 pupils,
average cost with respect to size flattens out. Optimal school size is estimated at 440 pupils. If school
size increases further, then (modest) diseconomies of scale exist.
Regarding the size of school boards, a different picture arises. It shows that there might be some
(board) economies of scale. Average cost declines in boards with the number of school managed up to
three schools, but the effect is very modest. Boards with more than three associated schools show a
modest increase of average cost. Only for the largest boards, with more than 25 schools, might we
expect a significantly higher average cost than the optimal board (with three schools). Our results
indicate that studies that find increasing economies of scale for small districts may in fact be driven by
the (small) schools that these districts are governing. Given this possibility, it would be very useful to
make a comparative analysis in the U.S. case, where district studies are common.
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The optimal configuration indicated by the results is a board governing three schools of about
450 pupils each. From a cost point of view, schools smaller than 60 pupils should be avoided. In these
cases, a merger could be considered. Mergers of schools greater than 200 pupils are not expected
to exploit significant economies of scale. The number of schools per school board matters little for
average cost, and other considerations may be more relevant here.
In the old days it was common to manage all public primary schools by one board (the municipality
itself). Due to a change in legislation a municipality was allowed to form different schoolboards within
their jurisdiction. However, many municipalities still operate from the original centralized perspective,
but may consider to create at least three school boards with each of them their own discretionary
authority. However, the cost savings from this strategy is limited. Far more important is the school
size. Municipalities should monitor school size within their jurisdiction and in case pupil numbers
shrink below 60 decide to encourage or force to merge or close down the school. However, due to
considerations of proximity and respecting the spirit of the Freedom of Choice Act it is not very likely
municipalities will be closing down or merge small schools. On the other hand, it is very interesting to
know that these other public values come with a price.
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